The type IV phosphodiesterase inhibitor rolipram induces expression of the cell cycle inhibitors p21(Cip1) and p27(Kip1), resulting in growth inhibition, increased differentiation, and subsequent apoptosis of malignant A-172 glioma cells.
Upregulation of the cAMP/protein kinase A (PKA) pathway has been shown to result in decreased proliferation, increased differentiation, and subsequent apoptosis of malignant glioma cells. Conventional cAMP analogs, however, are difficult to use in a clinical setting. Therefore, we investigated the effects of rolipram, a drug that has undergone clinical trials as an antidepressant and has also been proposed as a treatment for multiple sclerosis. Rolipram acts as a specific inhibitor of type IV phosphodiesterase (PDE4), leading to increased intracellular levels of cAMP. We report that the inhibition of PDE4 by rolipram results in the activation of the cAMP/PKA pathway, with potent stimulation of a reporter gene containing a cAMP-responsive element in its promoter region. Further, treatment of the human glioma cell line A-172 with rolipram results in increased expression of the cell cycle inhibitors p21(Cip1) and p27(KiP1), and decreased activity of cdk2, a cyclin-dependent kinase essential for cell cycle progression. As a result, the proliferation of A-172 cells is inhibited, with induction of a Gl block. Eventually, rolipram-treated A-172 cells undergo differentiation, which is followed by apoptotic cell death. As we observe this effect with other glioma cell cultures as well, our results suggest that rolipram could prove useful as a novel differentiating agent with both cytostatic and cytotoxic potential in the treatment of malignant gliomas.